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Catalyst Deactivation
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Ct reduces with time of use of the catalyst on process

Activity of the catalyst (definition)
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Catalyst Deactivation
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Types of deactivation

(1)Deactivation by Sintering or Aging

(2)Deactivation by Coking or Fouling

(3)Deactivation by Poisoning



Catalyst Deactivation by 
Sintering / Aging / Structural changes
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Pore closure (structural degradation)

Sintering (metallic supported catalyst)
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Catalyst Deactivation by Sintering 

Teixeira & Giudici, Chem. Eng. Sci. 54 (1999) 3609-3618
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Catalyst Deactivation by Sintering 

Teixeira & Giudici, Chem. Eng. Sci. 54 (1999) 3609-3618
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Catalyst Deactivation by Sintering 

Teixeira & Giudici, 
Chem. Eng. Sci. 56 
(2001) 789-798 



Catalyst Deactivation by 
Coking / Fouling / formation of coke
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Coke = carbonaceous material formed from decomposition of reactants and/or products



Catalyst Deactivation by Coking / Fouling
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Coking (during catalyst use on process)

Regeneration by controlled burning (slowly, ~1-2% O2)



Catalyst Deactivation by Coking / Fouling and Regeneration



Catalyst Deactivation by Coking / Fouling and Regeneration



Catalyst Deactivation by Poisoning
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Poison = impurities present in the feeding stream that are  
chemiosorbed irreversibly to the active sites (thus reducing the 
number of sites)
e.g., sulfur compounds (H2S, mercaptans), 

arsenium compounds, etc.
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Deactivation kinetics

• Zero-order

• 1st-order

• 2nd-order
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Deactivation kinetics and reactor type

DEACTIVATION 
RATE

• Slow 
(years/months)

• Moderate 
(weeks, days)

• Fast 
(hours, minutes)

• Extremely fast 
(seconds)

REACTOR TYPE

• Packed-bed reactor
(+ T(t) trajectory)

• Moving-bed reactor

• Fluidized bed
(bubbling regime)

• Straight-through transport reactor
(pneumatic transport, riser, downer)



Reactor types
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• Packed-bed reactor
(+T(t) trajectory)

• Moving-bed
reactor

• Fluidized bed
(bubbling regime)

• Straight-through transport reactor
(pneumatic conveying, 
riser, downer)



Temperature-time trajectory for 
packed-bed reactor
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Temperature-time trajectory
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Change T(t) to keep XA=constant and (-rA)´=constant 

T↔a
a(T) or T(a)

a↔t
a(t) or t(a)



Temperature-time trajectory
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Moving Bed Reactor
and 

Straigth-through Transport Reactor
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Moving-bed reactor
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Moving-bed reactor
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[g/s]catalyst  of rate flow mass 
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Moving-bed reactor
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Moving-bed reactor
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Moving-bed reactor (cocurrent and countercurrent)
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Balance equations are 
quite similar (actually the same ones) 
as those of the Moving Bed Reactor
(but in this case there is only 
the cocurrent configuration)

Straigth-through Transport Reactor 
(Riser, Downer)



Catalyst Deactivation
Recommended Exercises 

(Fogler Chapter 10)

P-10-18 (3ª. Ed.) = P-10-19(h) (4ª. Ed.)
P-10-15 (3ª. Ed.) = CD-P-10h (4ª. Ed.)
P-10-19 (3ª. Ed.) = P-10-20 (4ª. Ed.) 

------- (3ª. Ed.) = P-10-21 (4ª. Ed.) 
P-10-22 (3ª. Ed.) = P-10-23 (4ª. Ed.) 
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